For the majority of isotopes the thermal neutron absorption cross section is two or more orders lower than that for X-rays. This makes neutron diffraction well-suited for bulk texture investigations. Some characteristics of neutron diffraction are discussed. The principles of neutron time-of-flight diffraction are described. The pole figure determination by means of TOF technique is considered. The main parameters of the present Dubna texture facility are given. Further developments of the experimental technique are considered. The application of the TOF technique for inverse pole figure measurement is discussed as an approach to direct observation of the texture forming process. The magnetic moments of neutrons can be used to study magnetic textures. Two different techniques are discussed.
INTRODUCTION
Modern quantitative texture analysis is based mainly on spectroscopic methods like X-ray or thermal neutron diffraction. Low absorption of neutrons by most of isotopes makes them well-suited for bulk texture studies in large specimen volumes up to 10 cm 3 and more. Texture inhomogeneities are completely averaged in the commonly used techniques. Therefore, neutron diffraction permits to investigate relatively coarse grained aggregates like those often found in selected metallic materials and in petrofabric problems as well. Furthermore, complete pole figures can be determined without special preparation techniques combining reflection and transmission geometry measurements.
At present, texture investigation facilities at various neutron sources are in operation. Different variants of the angle dispersive neutron diffraction at stationary reactors are widely used, which are similar to the well-known diffraction of monochromatic X-rays. In the previous five years powerful pulsed neutron sources were put into operation (see, e.g. Ananiev et al., 1985 and Leadbetter, 1985) . On this base the energy dispersive neutron time-of-flight diffraction is demonstrated by Feldmann (1986) to broaden the spectrum of problems for texture investigations in the direction of low symmetric and multiple phase material.
In the present paper a review is given of the time-of-flight diffraction technique and its application to investigations of various texture problems.
REMARKS ON NEUTRON DIFFRACTION
Some aspects of neutron scattering should be remembered, which may be important in connection with texture investigations. For more detail see the monographs of Bacon (1975) and Windsor (1981) . Comparing considerations concerning neutron and X-ray methods were done by Kleinstiick et al. (1976) and Welch (1986).
Netltron scattering takes place due to the interaction of neutrons with nuclei, but also of neutron spins with the magnetic moments of atomic electron shells in the investigated matter. In usual diffraction experiments the total neutron scattering is measured consisting of elastic and inelastic components. The ). Bunge (1982) to be significantly less for neutron than for X-ray diffraction.
The absorption coefficient has not to be determined separately in the TOF technique, if the incoherent cross section of the specimen is not too low. Then, the incoherent part of each spectrum or even a range of it can be used for its own normalization. Figure 5 shows the interesting region of the diffraction pattern of a quartzitic rock having high incoherent background. In such cases the influences of weakening and effectively irradiated volume as well as detector and source fluctuations are eliminated also. Multiple diffraction effects, which are increasing with increasing path of neutrons in the sample and the influence of different specimen ranges contributing to the scattering during the pole figure scan remain incorrected because the incoherent scattering does not depend on them. If this proce- 
PARAMETERS OF THE DUBNA SPECTROMETER
The present version of the Dubna texture facility NSWR at the IBR-2 pulsed reactor is described in detail by Ananiev et al. (1984) . metals like iron and copper to about one hour for complex low symmetric metamorphic rocks.
At the IBR-2 reactor a higher resolution texture spectrometer at a 100m flight path is to go into operation. It is equipped with a neutron mirror guide tube from the source to the specimen. With the beam cross section of 5 x 17 cm 2 it will be especially suitable for preferred orientation studies in metamorphic rocks.
FURTHER EXPERIMENTAL DEVELOPMENTS
Compared with the conventional neutron texture analysis the exposition time in the TOF method is long (see Welch, 1986 ). To fasten the measurements, similar considerations may be done as in monochromatic beam technique. Using the geometry equivalent to that one at the RisO National Laboratory (Juul Jensen, 1986 ) the detectors have to be situated on a circle around the primary beam to avoid flight path differences (Figure 7) . Therefore, in the TOF method the counters may be placed on any Debye-Scherrer cone, i.e. not necessarily in the plane perpendicular to the incoming beam. The application of discrete counters on the circle segment instead of quasicontinuous position sensitive detectors (PSD) diminishes the amount of experimental data. Points are measured as shown in Figure 7 at equivalent positions in all considered pole figures. {hkt) '{hkt) 2 {hkt} n Figure 7 Intensity distribution measurement along a (hkl) Debye-Scherrer cone using a multidetector.
Therefore, the detector positions should be chosen with respect to the point net on the pole figure. The pole figure tilt angle depends on the angle between detector and horizontal scattering plane in a nonlinear way. Consequently, the counter areas have to be changed strongly from one to another to ensure equal pole figure windows.
Up to now, this geometry for TOF texture facilities is under discussion only. Another possibility to fasten the measurement is the application of several detectors situated in the scattering plane at different Bragg angles (see Figure 8 ). The experimental geometry is similar to that one applied by Bunge et al. (1986) at the ILL in Grenoble using a PSD which is situated in the scattering plane. In opposite to the PSD at the stationary reactor every counter records the complete diffraction pattern. Therefore, the detector positions may be chosen with respect to the pole figure point net in a way to rotate the specimen only around the vertical goniometer axis and the sample normal for a complete pole figure scan. This geometry avoids the strong beam defocusation at tilting around a horizontal axis. Pole figure points at different tilt angles are corresponding to various Bragg angles, i.e. to other resolution ranges of the spectrum. Therefore, a mutual calibration of them is necessary. At the JINR two detectors are used at present (Drechsler et al., 1987) .
In the nearest future the measurements will be carried out with six counters simultaneously. 
INVERSE POLE FIGURE MEASUREMENT
A TOF diffraction pattern consists of all nonforbidden Bragg reflections of the investigated sample measured at constant scattering geometry. This means the information of one TOF spectrum is equivalent to that of the inverse pole figure for the corresponding specimen position. Unfortunately, the available number of separable reflections and their inhomogeneous distribution over the inverse pole figure range complicate sufficiently the procedure of mathematical texture analysis. The majority of experimental points is situated on symmetry lines.
For inverse pole figure construction the TOF diffraction patterns have to be corrected with respect to all wavelength dependent influences, especially the incoming neutron spectrum. This procedure may be somewhat uncertain. Therefore, it seems to be more straightforward to compare the spectra with a measurement at a random specimen.
Nevertheless, the constant geometry makes the TOF diffraction well-suited for the observation of texture component formation in in-situ experiments. Figure 9 shows the behaviour of four low index reflections of copper during the recrystallization process studied by Matz and Feldmann (1982) . The 
RESIDUAL STRESS ANALYSIS
The line profile analysis is applied to determine pole figure values in the TOF technique. The necessary computer program may be used to fit the position, the height and the line width of the studied peak too. Therefore, these methods include the principle possibility to extract information on residual stress anisotropy of the investigated sample besides the texture data from diffraction patterns. Special efforts have to be made to ensure sufficient resolution parameters of the experimental equipment. 
CONCLUSIONS
Thermal neutron diffraction is shown to be an efficient tool for bulk texture analysis via pole figure determination. The method is applicable for the most of materials with the exception of hydrogen containing substances, e.g. of polymers.
The neutron time-of-flight diffraction permits to study a wide range of texture problems in metallurgy and metal physics as well as in petrofabric analysis. Especially, it is well-suited to investigate low symmetric and multiple phase materials up to rather complex sample compositions. At present, its main drawback are the relatively long exposition times. The application of discrete multidetectors decrease the time for measurements without difficulties in pole figure scanning.
Very short exposition times in TOF method may be promising to observe the kinetics of texture formation caused by external influences immediately.
Magnetic texture studies are confronted by methodical difficulties up to now. Further progress will however be made in the future.
